Motivated by the seeming coincidence of the neutrino mass scale and the dark energy scale, we propose to explain the cosmic dark energy by neutrino condensation. Similar to the idea of top-quark condensation, we assume that a four-fermion interaction for the third-family neutrino is induced from some unknown new dynamics which is strong enough to cause neutrino condensation. In the low-energy effective theory the resultant composite scalar field with a very small vev of about 10 −3 eV is interpreted as the dark energy field. The tiny neutrino masses can be generated from such a small vev without see-saw mechanism.
I. INTRODUCTION
The dark energy seems to be a great mystery in today's physics and cosmology. The precise cosmological measurements, such as the Wilkinson Microwave Anisotropy Probe (WMAP) measurements [1] , indicate that the major content of today's universe is the weird dark energy. So far we lack the understanding about the nature of dark energy. In some phenomenological approaches for dark energy, such as the quintessence model [2] , a scalar field with very small mass is usually assumed to be the dark energy field. But the origin of such a scalar field is unknown.
On the other hand, among the elementary particles the neutrinos are quite special species due to their extremely small masses [3] , indicated from various neutrino oscillation experiments [4] . Their mass scale is seemingly near or coincident with the cosmic dark energy scale ( the dark energy density is ∼ (10 −3 eV ) 4 and thus the dark energy scale is ∼ 10 −3 eV ). Motivated by such an seeming coincidence of the neutrino mass scale and the dark energy scale, some speculations on the possible relation between neutrino and dark energy have been proposed in the literature, such as the fancy idea of relating dark energy to mass-varying neutrinos [5] .
In this work we assume that the dark energy field is a scalar field which is interpreted as the condensate of tau-neutrinos. Similar to the idea of top-quark condensation [6] , we assume that a four-fermion interaction for the third-family neutrino is induced at some high energy scale (say TeV) from some unknown new dynamics [7] which is strong enough to cause neutrino condensation 1 . As in the studies on top-quark condensation [10] , to incorporate the condensation effects we introduce an auxiliary composite scalar doublet, which becomes dynamical when the energy scale runs down. The dynamical scalar field develops a tiny non-zero vev of about 10 −3 eV (much lower than in top-condensation scenario where the vev of the scalar is assumed to be at the weak scale in order to give top-quark mass and break electroweak symmetry) and give rise to the tau-neutrino mass. The Goldstone bosons eaten by the gauge bosons give negligible contributions to the electroweak gauge boson masses and the remained physical scalar field, interpreted as the dark energy field, interact superweakly with the W and Z bosons because the vev of the scalar is assumed to be tiny, at the level of 10 −3 eV. In Sec. II we describe the idea of neutrino condensation and discuss its cosmological consequences. In Sec. III we give the conclusions.
II. NEUTRINO CONDENSATION AND COSMOLOGICAL CONSEQUENCES
We assume that the third-family leptons have an effective four-fermion interaction, which may be generated at some high energy scale Λ above TeV from some unknown new dynamics. The underlying new dynamics, which is not specified here, might be some non-abelian gauge interaction spontaneously broken at some higher scale. So such new dynamics causes negligible effects to the electroweak physics of the third-family leptons.
The four-fermion effective interaction for the third-family leptons takes the form at the energy scale Λ
where G is the coupling constant, running with the energy scale. Ψ L is the doublet of the left-handed third-family lepton fields and ν R is the right-handed tau-neutrino. When GΛ 2 ≫ 1, the tau-neutrinos condensate and the condensation effects can be incorporated by introducing an auxiliary scalar field Φ into the Lagrangian
where M 0 is an unspecified bare mass parameter andΦ = iτ 2 Φ ⋆ . Φ andΦ take the form
As the energy scale runs down, such an auxiliary field Φ gets gauge invariant kinematic terms as well as quartic interactions through quantum effects:
where
Here N C is the 'color' number of tau-neutrino in the unspecified new dynamics. Redefining Z φ Φ as Φ and
, we obtain the Lagrangian
For µ ≪ Λ, we have m 
So the relation between the tau-neutrino mass and the Higgs-like particle mass is m φ ≈ 2m ν . Note that Eq.(10) is consisitent with m ν ∼ v ∼ 10 −3 eV for Λ ∼ TeV. Now we consider the gap equation for the induced tau-neutrino mass. As illustrated in Fig. 1 , it is given by
Fermion loops can induce mass for the Higgs-like particle. The bubble sum for the composite scalar propagator is illustrated in Fig. 2 . We may wonder if this composite Higgs-like scalar particle is still present in today's universe as a viable dark energy field. As we know, there is now a neutrino microwave background at 1.9 K which corresponds to ∼ 10 −4 eV. Althouh the Higgs-like scalar particles may decay into the tau-neutrinos, they can reach thermal equilibrium if the mass difference between this scalar field and its decay products is at the same order as the neutrino background temperature. Assuming the contribution of chemical potential is at the order of unity, the ratio for n φ and n ν in equilibrium is proportional to exp(−∆Q/T ), where ∆Q is the released energy in the decay process. Since m φ ≈ 2m ν at the scale of ∼ 10 −3 eV, the released energy in the decay may be at a lower order with respect to m φ . So the scalar field can still be present with an mass scale as high as 10 −3 ∼ 10 −4 eV in this thermal background.
So far we only demonstrated the mechanism of tau-neutrino mass generation. For electron-neutrino and muon-neutrino, we may assume their masses also originate from the couplings with the scalar Φ instead of from the standard Higgs boson 2 . Since the vev of Φ is around the order of ∼ 10 −3 eV, all neutrinos should be around this scale. If all neutrinos couple to the remained physical scalar φ, then we will have the flavor-changing processes as shown in Fig. 3 . Such flavor changing processes may have some implications in long baseline neutrino oscillation experiments since the neutrino beam may scatter with the cosmological neutrino background.
In our approach the dark energy field is assumed to be the remained physical scalar field, which is generated dynamically as the bound state of tau-neutrinos rather than a fundamental scalar field. Since the vev of Φ is at the order of 10 −3 eV, the magnitude of the vacuum energy (dark energy) should be naturally around the order of (10 −3 eV ) 4 . Furthermore, our approach gives a possible explanation for the starting time of the acceleration of the universe. If the dark energy is interpreted as the vacuum energy of a scalar field (as in our scenario), the dark energy density is unchanged as the universe expands
while the matter density ρ m decreases as
where a(t) is the scale factor in Robertson-Walker metric. From the Friedman equation
we get the accelerating condition
Then from today's values of ρ m and ρ Λ [1] , we estimate that for ω = −1 the acceleration starts at redshift z ∼ 0.754, which corresponds to a time scale 10 −3 ∼ 10 −4 eV. Since in our scenario the dynamical dark energy field comes into play when the energy scale µ runs down to a very small value (at m ντ scale, ∼ 10 −3 eV), it implies that from such a small scale ( ∼ 10 −3 eV) the dark energy dominates and cause the acceleration of the expansion of the universe.
III. CONCLUSION
Similar to the idea of top-quark condensation, we assumed that a four-fermion interaction for the third-family neutrinos is induced from some unknown new dynamics which is strong enough to cause neutrino condensation. We interpreted the resultant composite scalar field with a vev of about 10 −3 eV as the dark energy field. The tiny neutrino masses can be generated from such a small vev without see-saw mechanism.
